ABSTRACT
INTRODUCTION
Advances in the modern biotechnology have improved the quality of human life in recent decades. Through innovative techniques and accumulated knowledge from several generations it has great economic potential. Development of biotechnology requires investment in specialized personnel, as well as, investment in complex research infrastructure. Due to the high economic costs of biotechnology research, knowledge protection plays an essential role in the economy and in development of countries (Buttow 2008; Silva 2007) . Intellectual property rights are considered an incentive for innovation, not only for their marketing, but also for securing the knowledge to enable research progress (Moreira et al. 2006) . The role of rights of intellectual property is noteworthy for the development of a country regarding the dissemination of information, the emergence and stimulus of new technologies, and diversification of production. This ensures to inventors and investors the spread of the creation of new goods and services, generating jobs and wealth, and thus contributing to a better quality of life for millions of people (Boff 2007) . Currently, biotechnology research in Brazil is strongly associated with public universities and research institutions. However, issues related to knowledge protection and establishment of productive partnerships with the industry for the development of new technologies are still quite basic (Buttow 2008) . In contrast with the developed countries, where research and development activities are strongly associated with the industry, the majority of research activities in Brazil are concentrated in the public universities and government research centers, causing the technological innovation process to become more difficult. Companies are the main sector for technological innovation, and the university-industry partnerships possess an essential role in this context (Morel et al. 2007 ). Therefore, preparation of researchers at the university level to recognize the technological and economic potential of their research is of utmost importance. Despite the relevant scientific growth in the last decade, demonstrated by increased number of indexed scientific publications, Brazil did not adopt a successful protocol to transform the knowledge into wealth. For example, in 2005, Brazilian universities graduated 10,600 doctorates (PhD), in which the majority of young graduates have been still driven by the academic positions mainly in government-funded universities or research institutes (Buttow 2008) . In developed countries, 77% of the financial support for Science, Technology and Innovation (S, T & I) comes from the private sector, whereas in Brazil, 80% of all the investments in research and development are from government funding (Gouvêa and Kassicieh 2005) . The Brazilian Industrial Property Law of 1996 was created in accordance with the Trade-related aspects of intellectual property rights (TRIPS). These rules were important, given the different patterns of accumulated technology in each region in order to establish the minimal principles of protection for all signatory countries in an effort to reduce the obstacles for international businesses. For example, in the field of genetics, the participation of Brazilian holders in total deposits held in Brazil did not reach 3% between 1998 and 2000 when compared with other fields of the C12N subclass (Fortes and Lage 2006) . In Brazil, the university-industry interaction presents several obstacles regarding the infrastructure and investment. Public universities mainly develop basic research for knowledge advances and training of human resources, whereas research in the industry level requires an adaptation into the globalized market (Cruz 2000) . By definition, the institutional competence of the university is to produce qualified human resources and development of basic research for the society with no interest in marketing or profit (Brisolla 2007) . In contrast, private companies are looking for marketable results and require research confidentiality (Brisolla 2007 ).
According to Morel et al. (2007) , the concept that academia is responsible for basic research development emerged after the Second World War and was inspired by the linear concept of technological development. Basic research has been considered necessary and sufficient to improve the social, economic and technological changes in many developing countries. Whereas many developed countries have quickly improved their industry infrastructure and have become worldwide leaders. This process in Brazil has resulted in a lack or a failure of communication between the academia and industry. The success of the academia-industry interaction depends on several factors, such as objectives delimitation, management of conflicts of interest and development of a clear definition of intellectual property rights, to ensure the benefit of the partnership for both. If successful, the partnership will prove to be beneficial for the country as a whole.
MATERIALS AND METHODS Patent Database
In the present study, the International Patent Classification (IPC), which provided access to technical information organized according to the standards established by the Strasbourg Agreement, was used. As proposed by Vasconcellos (2003) , Fortes and Lage (2006) , and Sapsalis et al. (2006) , the subclass C12N was chosen to represent the modern biotechnology, which covered the technologies related to "microorganisms or enzymes, compositions thereof, propagating, preservation or microorganism maintenance, mutation or genetic engineering and culture media". Data was compiled using the following parameters: number of applications per year in subclass C12N, number of applications per year in subclass C12N taking into account the main group, i.e., C12N 01, 03, 05, 07, 09, 11 and 15, as well as the number of C12N applications per country of origin. The profile of the main national applicant of public and private sector, while considering the applicant institution, was also analyzed. Data from the period 01/01/2001 to 31/12/2008, was collected from the website of the Brazilian Patent Database of the Instituto Nacional de Propriedade Industrial (INPI) (www.inpi.gov.br), which possessed a database of an estimated 24 million patent documents from several countries organized in the form of articles, CD-ROM and an electronic register of patent applications since 1990.
Patent applicants
For identification of the patent applicant, the patents were identified by the home institution and then categorized into one of the following groups: public university or public research institution, private university or private research institution, public or private companies and individual applicant. When the patent had a co-applicant, the co-applicant was classified in this work as a partnership. When the applicant was an individual(s), the institution origin was determined by searching in the inventor platform or in the curriculum Lattes database. When no institutional affiliation of the patent inventor was found, the patent was considered as individual(s), as proposed by Fortes and Lage (2006) .
RESULTS AND DISCUSSION

Applications of patents in subclass C12N
Although other classifications also covered the biotechnology area, the subclass C12N classification presented a wider coverage and essentially represented the technological innovations made in the field of modern biotechnology. The approval of the Law n o . 9279/96, which controlled the rights and obligations concerning industrial property, created significant advances in biotechnology patent deposits in Brazil. Between 2001 and 2005, a total of 1,945 patent applications in the subclass C12N were filed at the INPI (Fig. 1) . The amount of deposits in this subclass suggested an increasing interest in this branch of technology and also revealed the global importance of the Brazilian market. The majority of these filings were from the United States. This so-called pipeline protection is a transition instrument that allows for the patenting of inventions that have become public or were filed on the exterior, thus excluding the requirement of novelty (Castilho 2001). The patent pipeline validity begins on the date of filing in Brazil and continues until the end of the remaining term of protection in the country where the first application was filed. However, the limit of this term is twenty years for a regular national patent (Scholze 2001; Barbosa 2002) . The same benefit would be conceded to a national or a resident in the country, provided that its object was not placed on any market by direct initiative of the holder or by third parties with consent. The patent, if warranted, would be valid for 20 years from the date of invention disclosure. were from the United States of America, 9.3% from Germany, 7.6% from Japan, 4.8% from Brazil, and 4.7% from China (Fig. 3) The status of technological innovation in a country can be measured based on the number of patent deposits. Although Brazil contains highly qualified human resources in scientific and technological development, which are still working at the academic level, the lack of guidelines and politics causes difficulty for the improvement of strategies for investment in technological innovation by Brazilian companies (Vasconcellos 2003) . For biotechnological innovation, it is essential that qualified researchers are working in industry, rather than academia, in order to change the outlook of Brazilian researchers in the field of life sciences (Vasconcellos 2003) . Although Brazil possesses advanced technology research in many areas and contains the greatest biodiversity on the planet, lack of knowledge protection causes the information developed there to be easily available for foreign countries. The initial use of the patent system by the national inventors revealed by the low number of patent requests in the field of biotechnology contributes to the increase in asymmetry between developing and developed countries (Moreira et al. 2006 ). According to Morel et al. (2007) , since the 1990's, Brazil has experienced an increase in the number of published articles, as well as, patent applications at the USPTO (United States Patent and Trademark Office). However, the ratio between the patent applications and research papers remained low, suggesting that not enough research was being translated into real products (Bernardes and Figure 4 . No application from the private universities during this period was found, demonstrating that the biotechnological research and innovation in Brazil is generally developed in public universities or research institutes. The analysis of the patent deposits distribution by the groups of subclass C12N showed that the majority of deposits belonged to the C12N 15 group, which was the subclass related to mutation or genetic engineering process. This majority demonstrated the importance of genomic technologies in the field of biotechnology.
Of the total number of national applicants between 2001 and 2005 at the subclass C12N, 55 were from the universities or research institutions, 27 were made in partnership, eight were from private companies, two were made by individuals and two were from supporting agencies (Fig. 5 ). An analysis of the partnership profile of patent applicants filed in Brazil in the period 2001 to 2005 is shown in Figure 6 . The high level of partnerships between the public universities and/or research institutes revealed that the interaction between the public research centers and companies was still in its initial stages in Brazil. Although the number of partnerships between the academic institutions and companies increased, these relationships were still largely deficient in dealing with the patenting and technical management bureaucracy between the public and private sector (Emerick 2001) . It is imperative for the Centers of Technological Innovation (NITs) of the universities to provide the interaction with the companies and government agencies to develop strategic partnerships of common interest in seeking licensing opportunities that encourage research activities in technology. The facility of Science and Technology Institutes (STI) to license their technologies, the possibility of small and medium companies to use public research facilities, the authorization for researchers linked to STI to develop research in a private company, and the possibility of distribution of earnings between the parties, including the researcher, are among some the benefits of such partnerships (Gulo and Guerrante 2006) . According Sapsalis et al. (2006) , there was a significant increase in patents generated in Belgian universities, especially in the late 90's, mainly due to internal policies of intellectual property with patents stimulus and an improvement in the management of academic inventions.
Discussion concerning the protection of intellectual property is novel at the university level and has been receiving increased attention in Brazilian economics, which can be demonstrated by the improvement of laws concerning intellectual property protection, training forums and support centers for innovation. Despite the high level of scientific and technical experience of Brazilian researchers, innovation capacity at the universities and research institutes is blocked by the demanding bureaucracy. Moreover, the incipient number of patent applications by the universities and research institutes in Brazil suggested a lack of intellectual property protection at the academic level. The existence of a "publishor-perish" systems associated with the graduate programs funded by the Coordenação de Aperfeiçoamento de Pessoal de Nivel Superior (CAPES) and Conselho Nacional de Pesquisa (CNPq), contributed negatively to this situation (Scholze 2001 ). In addition, there was a lack of i) information regarding both free and private access patent databases, ii) researcher training for utilization of the databases, and iii) knowledge regarding the patentability requirements, especially with reference to patents, which have novelties and/or innovations, related to life sciences (Moreira et al. 2006) . One of the main consequences resulting from the low level of knowledge of the industrial property system by the universities and research institutions in Brazil is the lack of access to the technological information contained in these comprehensive databases (Nunes and Oliveira 2007) . Since 70% of all the information contained in patent documents cannot be found in other media, the ability of researchers to navigate these databases is of utmost importance in the context of technological innovation (Haase et al. 2005) . Majority of the supporting agencies have yet to consider paper publication as the preponderant indicator for the researcher evaluation, which interferes with the patenting by the academic institutions (Emerick 2001) . Additionally, some institutions that support research now note the existence of patents in the researcher curriculum in their evaluations for grant funding. The protectionof generated knowledge in the universities and research institutes in the form of patents allows for the improvement of research through allocation of resources from the royalties. Through patent licensing, the knowledge generated in public institutions should result in benefits to the society. However, researchers at Brazilian universities still encounter many difficulties in obtaining adequate support concerning the knowledge protection (Buttow 2008) . In 2008, a recent initiative by the CAPES has created a Biotechnology area to stimulate technological development and partnership between the university graduate programs and industry in order to increase the Brazilian competence for patent generation of products and innovations.
CONCLUSION
The present study revealed the need for knowledge on practices and laws governing the intellectual property in Brazil to be disseminated within the areas related to biotechnology. The absence of a culture for knowledge protection results in the loss of a link between the academia and industry for technological knowledge transfer and, consequently, deprives the society of the potential benefits. Moreover, much of the technological information available worldwide is released only through patent documents, and, therefore, the ability to search databases becomes indispensable for country development.
